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N% and S% in Leaves of Vascular Plants Cinnamomum camphora and Pinus
massoniana Lamb. for Indicating the Spatial Variation of Atmospheric Nitrogen

and Sulfur Deposition

XU Yu'"?, XIAO Hua-yun'" , ZHENG Neng-jian'*, ZHANG Zhong-yi'*, QU Ling-lu"*, ZHAO Jing-jing"’

(1. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550081,
China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: N and S contents in Cinnamomum camphora leaves, Pinus massoniana Lamb. leaves, epilithic Haplocladium microphyllum
(Hedw. ) Broth. and rhizosphere soil collected along 3 directions from urban area to rural area at Guiyang city in a total of 296 samples
were investigated systematically. The level of atmospheric N deposition and atmospheric SO, concentrations at each sampling site were
calculated according to the quantitative relationship between moss N content and atmospheric N deposition and the quantitative
relationship between moss S content and atmospheric SO, concentration. Leaves N content in Cinnamomum camphora ('1.01% -
2.37% ) and Pinus massoniana Lamb. (0.99% -2.42% ) showed significant decrease from urban area with the highest atmospheric
nitrogen deposition to suburb, while slightly higher leaves N reemerged at rural area beyond 24 km, suggesting increased N deposition
occurred in rural area. Leaves S content in Cinnamomum camphora(0. 16% -0. 43% ) and Pinus massoniana Lamb. (0. 18% -0. 32% )
showed significant decrease from urban area to suburb, the highest level at urban was mainly contributed by the high sulfur released
from the production and living of urban areas into the atmosphere, and the lowest level occurred at rural area (30-36km). No
significant difference was seen for soil N and S contents. The relationships between the estimated input of atmospheric N deposition and
the leaves N content of Cinnamomum camphora and Pinus massoniana Lamb. at the sites investigated were found to be significant linear
correlations, and the relationships between the estimated atmospheric SO, concentration and the leaves S content of Cinnamomum
camphora and Pinus massoniana Lamb. were also significant linear correlations( P <0. 05). The results indicated that N and S contents
in Cinnamomum camphora and Pinus massoniana Lamb. leaves can be used to show the spatial variation of atmospheric N and S
deposition.
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sulfur dioxide

o R SR B[R] I R A A R DR e e i
N g TS = o=~ ) vl N IR A ¢ -
mﬁiﬁ’jﬁjﬁmﬂ\ @lbﬂ%lkﬁimxﬂﬁﬁ”ﬂ]%@jﬁﬁq IISI*EE&E] 2015-11-02; 'ﬂ%i«TEgﬁ 2015-12-30
FEOI' . TR RN T4 Ry B8E: CLRIAH 000 oSt (201356709 k4

R4 H (41425014, 41173027)

FITRE (AR 0 X R 5 30 O AC ARG TR o G199 - ) 8 0 L BRIy i
Ekfb 2, E-mail ; dhsxuyu@ 163. com

ij]l] E@ﬁ(ﬁﬁﬁ%ﬁﬂﬁ*ﬁ%iiﬂﬁ] E‘E?’yﬁiﬂ&@ y ﬁﬁ # JHIHIK R A , E-mail ; xiaohuayun@ vip. skleg. cn



6 TRTAF . AR AR RS AL H VA B

EER R BB R BRTREAY 25 1) 22 1k 2371

SO, Ml NO, Hr[EIVEFH T X A #9453, b S0, il
NO, Bt/ s B 4 [ Ak A7 A 4 v ok EE 1Y)
S0, il NO, B2 hns /) = B il R, R g
ey A& A ALY (NO, ) e E ALY (SO, ) H: 2 fedE
NRIER B LR D Sl 2 55 A 7= A RE R
FEOIAZ oM DX 38 Tl S G i X B A= S A R b B
SRAES RGN e 55 88U, = KRR BRDTRE 52
M) o] BB Ay =, PRI 0k, ) sl S 00 B Tl XA
TR A TR AT FAE A IR T R AR B Ts G i Bhih
FIRA BRSO A SRR B A &
.

FEEERY T RRR IR A G RN AR 2 e
B2 B F KA IREE 46 78 DL RS TR 5t
HARBIEFE . H T R R R 0 A B (1S
FERRE M X BEBUZ AR 8 KA BRTTRERT A
ST . A e AR A P Y SO, A
NO, 7 W e AT A AR IO 0 B R 5 RN R, 1
ZR JF i R 2 5 & R E AR A .
FEINN , BRIV AEAR ) A A S R B S 15 A BT PR
AITE DL T, AR A2 4, e H R /A A AR
AT BEAR I i 35 R KR TR R ZE AL AR 3k,
FH i SR B, JC R P B 5 46 s AR
MR oe A B 2g g 220 ) i L, B A S A
Pyt R B R 5 A R DA G, R AL, B
TURE R AR W i At 8 FRR G FR R ML £ kA e
AR ¢ [ X L/ A Tl DS N
T 9T 48 18 i o7 15 1O

i TR 1) 322 B3 R ok FL R i AR AL RN
WAL HaT 25 F2 R 430 B X R A A AL P A
B SE AL R IR AT R i EA TRIFSE e 2 X AL
R ITREE A [R5 HLAT A 200 & #E sl AR AT )
VE R A IR R W R R 5T 5 e 2 ORI I 3o R B )
M o7 5 25 1) AR S A 1 R R TS e 1 S A B B T
SR, SR T o AE AR A 2 1 4 AR R
) A1 AN I F o %4, WAL, B Btk T
BT, ) s 0 e e 1 X S ) 5 B R B o A E S %,
T T R AR AE AR AR A LS R AA I A B
HRAA . WUl LR, T2 H M TR BRI
TRABIA . BT & A 23 [ A2 40, 48 7R 4545 SR
Yk B, B R R FE R AR SRR AT
SEVE, DU A 4k 2 1 Ji I FH AR 0 20 4 KRR
BRITRE AT KA BRI 4 28 25 3R B 85 43t
B2

1 HH5HE

1.1 B98I

AT X SR 5 B, b A T [ A= 25 PR 5 3 e 55
18 PG T e ST R DX b AR AL i . RGP S8k
1250 m, ZB AR, HAT WIS A g Sk 22 KU fe, RO
AT R Il Y A R R, T XL T R I B Y
—ANLRINZEH P DU JETRE LB, T DX A4 DL X
PRGN, B BT AREAR A Sy T2 2 4
AEHEY)  FARHHE T X FNRBIX A3 A5 )iz
1.2 FERLCREERALTE

e B R A W) M S B W ( Cinnamomum
camphora) F1 25 FE ¥ ( Pinus massoniana Lamb. ) , &
#E N 4l /N P # [ Haplocladium — microphyllum
(Hedw. ) Broth. ]. R 1 /AR A Bl 25 By b A A8 22
S PR AR A 48 v A A TR B 8 A [ T 3 8 R M i
R E R R A e O SRR [R] | B AH T H A=
KA 8 a, BRI 290 5 m FETTRAE , A 358
KA | B AT HAKH R 8 a M &2 10
m AT RAE. BT A B IR 2 AR A . X
TEEE, A RE LR T A B A0 R T R
AN REARE YR A H N 320 56 FH B0 0
(7] ) 36 53 2% FE A 52 b 3R 7K o l) 760 At sy 35 775 e I
(ARAHS ZEME | STy ZE M R | BR IS 55 ) B2, T
DCRAT: sl R RS TT LU A BT, 89 T 1T DX i R
FERTRESR T A BRI, SRARIS (] 2015 4F 5
10 H# 2015 456 H 31 H , HoRAEREIHFE S 103
AP RE A 92 A, FEERE M 26 A ARPR L AR S
75 A4, B 1 RFE R TR O, REERIFE T A
BT EEGE. FEAlK (Milli-Q) 242 whisk DL
FE BRI IR B Y 28 AR, B RR T AL 72 h,
SRIG IR R ALR B3, i 100 B . 3R dh F AR K
TIE TR 5 100 F .
1.3 VREEE

Ji A R b BT T SRR 20 ~ 40 mg,
Elementar 2\ 7 f4] Vario MACRO cube JG Z 43 #14%
(German) M HZA ., & & (&S, DT
) SR T 0. 1% . Frf SE8e Mo M fe
IR} e st R A 22 A 50 BT A5 b R A 2 [ 58 o S
B ek

2 ZER5iTie

2.1 FEAERS RIS 8 X
2 R TSI AL AR 6 km



2378 ®oom B ¥ 37 %
250 o A
AB
BC AB
200 - o CD
2 a ? D
ﬁ + be C % ab b
> 150 | o °  bhe . i
] 8
.‘_-_ +]
- -]
1.00 |- °
LUES]
o AR
0.50 |- o Hiw
1 1 1 1 L 1
0~6  6~12  12~18 18~21 21-30 30~36

1 RAMRREISIHTRE

Fig. 1 Map showing sampling locations in Guiyang area

BB AR AR FIPA B 260 7 5 1 25 [R] AR AL ARRAIE. 4% IX el
A P R B i AR AR LA Bk 1..01% ~
2.37% F10.99% ~2.42% , 5t PHIX IR e i 4 5
TR (2.37% ) HEFETHIX 0 ~ 6 km 385 Fl | IZ{EAK
T EWN KR AIKEKFELRKT 4
kge (hm?-a) " 100 00 15 B 7 2 B b b RS R
(3.09% )7 T AE (1.77% ) % T 55 California
M Modesto . Stockton LA K Lodi # X A4 -4 & &
PIE 1.56% (1.17% ~1.96% )" WAM-RE & 818
18 ~24 km B P EAK [ & B R & =4 F %X
A AV 11.68 kg- (hm?-a) '], H{EH K
1.19%, % H 5 K K A& bt B K ¥ h 13
kg+ (hm®-a) =" B9 F L Gardsjon Hb X %} I % 7% &
(1.3% ) A 24, 1 0T RS AR X e g 14 Tl DX b 2R &
I E AT R (1. 68% ) HiIZEM T READT
FEIK -k 59 kg (hm®-a) ~' B9 M 22 Ysselsteyn 3 [X
IR SR (2.6% ). IR, %058 X 8 []
SRR AR R AN D A B A R 2E R T L
RS RT R 1 22 57

f g /km
R 2L b AR FREROR AR AL ] (K RN Al
AR ] (/NG PR FREA B2 P <0.05
2 RMEMRMATHROEIMERANHESESEEN
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Table I N and S contents of leaves from different sampling sites
B 5,k HEmE(n) A (DW) /% i i (DW) /%

A R AR P 1 FARY FAREAR B TR R AR By PR FARE AR B 1
0~6 22 20 1.95+0.27 0.24+0.07(a) 1.68+0.27 0.22+0.07(a) 0.35+0.03 0.06+0.01(b) 0.26+0.03 0.04 £0.02(h)
6~12 20 15 1.89+0.23 0.20+0.09(a) 1.39+0.11 0.20+0.05(a) 0.33+0.09 0.05+0.03(b) 0.25+0.03 0.04+0.01(b)
12~18 23 20 1.65+0.17 0.15+0.07(a) 1.32+0.12 0.29+0.15(a) 0.29+0.02 0.05+0.01(b) 0.23+0.02 0.06 £0.03(b)
18 ~24 13 19  1.53+0.20 0.15+0.07(a) 1.19+0.13 0.18+0.05(a) 0.30+0.03 0.06+0.04(b) 0.22+0.02 0.06 £0.05(b)
24 ~30 12 6 1.76+0.20 0.19+0.04(a) 1.46+0.07 0.25+0.07(a) 0.31+0.01 0.06+0.01(b) 0.22+0.02 0.04+0.02(b)
30 ~36 13 12 1.82+0.20 0.23+0.04(a) 1.49+0.07 0.22+0.05(a) 0.26+0.04 0.06+0.02(b) 0.21£0.02 0.06+0.04(h)

1) A AR R 7R A 2 B REVERE S (P <0.05)
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Fig. 3 Spatial variations of S content in Cinnamomum camphora

and Pinus massoniana Lamb. leaves with the

distance from the Guiyang center
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Table 2 Estimation of atmospheric N deposition and SO, concentration in different sampling sites

P AT AR HEER S KAV A B KRS0, W
/km (n) (DW) /% /kg+ (hm?-a) ! (DW) /% /pg m~?
0~6 5 2.41 +0. 16 32.22£3.11 0.37 £0. 02 53.40 6. 89
6~12 5 1.86 =0. 15 21.63 +2.86 0.35 +0.02 47.54 £6.29
12 ~18 5 1.66 +0.03 17.84 £0.59 0.33 £0.01 39.01 £4.74
18 ~24 4 1.34 +0. 12 11. 68 +2.26 0.33 +0.02 38.07 +£7.38
24 ~30 3 1.72 0. 04 19.01 +0. 83 0.33 +£0.02 37.69 +7.54
30 ~36 4 1.92 +0.24 22.90 +4.56 0.31 +£0.03 29.23 £9.99
®3 REAREXSANERM SO, REZL JEARTEAE e RS AR A AR ST O AN
Table 3  Variations of atmospheric N deposition and Iﬁjg&%ﬂi*ﬁ% ﬂ‘[‘/}?\‘ R Jlbé\% IEJ Hrj‘*ﬁb% lzigi j(lfh/f\‘ R
SO, concentration in different areas v NS A .
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Fig. 4 Quantitative relation between atmospheric N deposition and leaves total N content and
quantitative relation between SO, concentration and leaves total S content
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